Abstract-Development of biodegradable tough elastomeric scaffolds are important for engineering tissues such as myocardium and heart valves that experience dynamic environments in vivo. Biomaterial scaffolds should ideally provide appropriate physical, chemical and mechanical cues to the seeded cells to closely mimic the native ECM. Collagen fibers form an important component of native myocardium as well as heart valve leaflets and provide necessary tensile properties to these tissues. Amongst various polymers, collagen mimicking biodegradable elastomer, Poly-(glycerol-sebacate) (PGS) has shown great promise in microfabricated scaffolds for cardiac tissue engineering. However, its use is limited by its solubility and the ability to cast nano-/microfibrous structures. For its superior mechanical properties, thermal or UV crosslinking of the pre-polymer is required under high temperatures and vacuum limiting fabrication of fibers. In this work, we fabricated electrospun PGS fibers were fabricated by simply blending it with biodegradable polycaprolactone (PCL) polymer without any post-processing. It was hypothesized that microfibrous PGS-PCL scaffolds would provide appropriate physical (fibrous structure) and chemical (balanced hydrophilicity and hydrophobicity) to the cells in addition to the mechanical properties.
I. INTRODUCTION
HE field of tissue engineering or regenerative medicine holds great promise as a means to compensate for donor shortages by creating functional human tissue equivalents. To be successful, this approach has to closely recapitulate the in vivo cellular and tissular complexities in terms of physical, chemical and mechanical properties. It is well known that tissue morphogenesis, function and regeneration are closely controlled by cell-matrix interaction 1, 2 . In fact, the extracellular matrix (ECM) provides the mechanical support as well as spatiotemporally regulated biochemical signals to the cells affecting their proliferation, differentiation, migration and apoptosis. This has led the researchers to synthesize new biomaterials or modify the existing ones to meet these unmet demands. This is especially very important for engineering cardiovascular tissues that experience very dynamic mechanical environment and the area of biodegradable elastomeric polymers is expanding fast to meet these needs [3] [4] [5] . Poly(glycerol-sebacate) (PGS) is a biocompatible and biodegradable elastomeric polymer 3 that has emerged as a promising scaffold material for tissue engineering applications [6] [7] [8] [9] [10] [11] [12] [13] [14] . PGS can be easily synthesized from glycerol and sebacic acid, which have been previously approved by FDA 3 . Biocompatibility studies of PGS 3, 15, 16 have shown improved cellular response and hemocompatibilty both in vitro and in vivo. However, despite encouraging results, PGS processability into nano-/microfibers still remains a challenge. Fibrous scaffolds are considered advantageous for tissue engineering due to their extracellular matrix (ECM) mimicking properties, high surface area to volume ratio and anisotropic mechanical properties [17] [18] [19] [20] [21] . Also, the contact guidance provided by these fibers can be used to regulate cell orientation and migration 19, [22] [23] [24] . Thus, the ability to fabricate PGS fibers may be beneficial for cardiovascular tissue engineering applications by simultaneously providing contact guidance and superior mechanical properties. However, it is challenging to cast fibrous PGS scaffolds because PGS pre-polymer has to be processed by thermal curing at high temperature and vacuum to convert it into a tough elastomer [25] [26] [27] . PGS prepolymer itself has low solution viscosity and hence, cannot be electrospun to form stable fibers. Recently, PGS was casted into fibers, however, both these methods required either thermal 27 and photocrosslinking 25, 28 . In this work, we report the fabrication of porous microfibrous scaffolds of PGS by simply blending it with FDA approved biodegradable polycaprolactone (PCL) with improved mechanical and biological properties.
II. MATERIALS AND METHODS
A. Fabrication and characterization of electrospun scaffolds PGS:PCL fibers with different compositions were spun by using conventional electrospinning setup. Effects of varying PGS:PCL ratio and voltage on fiber morphology and fiber diameter was studied. PGS and PCL were dissolved at different weight ratios (5:1, 3:1, 2:1 and 0:1, respectively) in anhydrous chloroform: ethanol mixture (9:1) and electrospun at 12.5, 15, 17.5 and 20 kV. The total polymer concentration was kept constant at 33% w/v. Pure PCL scaffolds were electrospun using 16 % w/v polymer solution because it was difficult to electrospin highly viscous 33% w/v PCL solution.
Fibers were characterized for their morphology by using field emission scanning electron microscopy (FE SEM) ultra 55 (Carl Zeiss, Inc. NY, USA). Fiber diameter measurements were performed on at least three different . During uniaxial test, initial strain rate was set as 25% of original test regional length and the crosshead speed was set constant at 2.5 mm/ min. Five specimens from different batches were tested for each condition. Elastic moduli (EM) were calculated from the 0-5% strain region in the stress-strain curve. Ultimate strength (UTS) and ultimate elongation (UE) were measured form the highest peak of stress-strain curve. Three data from each condition were selected from the test results. Values were reported as mean ± standard deviation (SD).
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B. Cell culture GFP transfected HUVECs were a kind gift from the laboratory of Dr. Judah Folkman, Children's Hospital, Boston. HUVECs were cultured in EBM-2 (Endothelial Cell Basal Medium-2, Lonza, MD, USA) supplemented with the provided growth factor kit. The cell cultures were maintained at 37 ˚C and 5% CO2 and media was changed twice a week.
Cells were seeded on each scaffold {0.5 cm (l) × 0.5 cm (w) × 200 µm (t)} after sterilization in 70% ethanol at final concentration of 1 × 10 5 cells/scaffold in 24-well tissue culture plates (TCP) and allowed to attach for 6 h. the scaffolds were then washed three times with DPBS to remove loosely attached/unattached cells. Cells were then fixed with 4% formaldehyde, and washed with DPBS. Cell attachment and cell spreading were observed using FE-SEM, Ultra 55 after palladium-platinum coating.
Quantitative evaluation of cell attachment (after 8 h) and proliferation was performed using Alamar Blue (AB) assay as per manufacturer's instructions (Invitrogen, CA, USA).
C. Statistical analysis
All data were expressed as mean ± SD. Statistical comparisons between two groups were done using student's paired t-test while multiple comparisons were done using one-way/two-way ANOVA followed by post-hoc Tukey test (OriginPro8 SRO, v8.07). Differences at p-value less than 0.05 were considered to be statistically significant unless otherwise noted. All error bars were presented as standard deviations. Figure 1 shows the SEM images of fibers prepared with different PGS: PCL ratio. Fiber formation showed a very random trend dependent on both PGS concentration as well as applied voltage. The degree of fiber alignment, morphology and diameter was also affected by PGS: PCL ratio as well as the applied voltage. At the same PGS: PCL ratio, increased voltage resulted in reduced fiber diameter due to stretching of polymer jet. Further increase to 20 kV led to fiber fusion and increased fiber diameter (Data not shown). This may be attributed to the jet instability leading to the fusion of fibers. Similarly, increase in PGS amount resulted in increased fiber diameter form 2.76 ± 0.03 µm for PCL to 6.77 ± 0.26 µm for 5:1 PGS: PCL scaffolds (Table  1 ). This was attributed to lower solution viscosity and waxy nature of PGS pre-polymer. Mechanical properties (Table 2) showed higher elastic modulus (EM) and ultimate tensile strength (UTS) for 5:1 PGS: PCL scaffolds. Interestingly, increase in the modulus did not compromise on the ultimate elongation (UE) of the scaffold, suggesting its improved toughness while retaining its elasticity. Also, PGS: PCL scaffolds showed mechanical properties comparable to native human aortic heart valve leaflet 29 , suggesting its potential application in heart valve tissue engineering. It should be noted that such improved mechanical properties could be achieved without any further thermal or UV crosslinking unlike other methods. Fabricated scaffolds were stable with thickness ranging from approximately 100-400 µm. HUVECs seeded on the PGS scaffolds showed significantly improved attachment and spreading ( Fig. 2A) whereas cells remained rounded on PCL-only scaffolds. Addition of PGS also resulted in significantly higher cell proliferation (Fig.  2B ) compared to PCL scaffolds (p < 0.05). This was attributed to the increased hydrophilicity of the scaffolds after addition of PGS. Thus, As-spun PGS scaffolds did not only improve mechanical properties but also showed better cell attachment and proliferation. Similarly, primary cardiomyocytes seeded on the scaffolds showed good cell viability even after 3 weeks in culture. PGS:PCL scaffolds also provided good guidance to the seeded cardiomyocytes allowing them to spread on the fibers (data not shown). We have fabricated microfibrous scaffolds from difficult to electrospin PGS pre-polymer without any thermal or UV crosslinking. Scaffolds showed improved mechanical properties with higher PGS concentration. We also demonstrated improved cell attachment and proliferation on PGS scaffolds as compared to pure PCL scaffolds without compromising the mechanical properties. 
III. RESULTS AND DISCUSSION

